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Description 

[CLOCK DITHERING SYSTEM AND 
METHOD DURING FREQUENCY SCALING] 

Background of Invention 
[0001] FIELD OF THE INVENTION 

[0002] The present invention generally relates to the field of in- 
tegrated circuits. In particular, the present invention is di- 
rected to a clock dithering system and method during fre- 
quency scaling. 

[0003] BACKGROUND OF THE INVENTION 

[0004] a s micro-electronic devices become smaller and smaller, 
power consumption has become a critical concern for mi- 
cro-electronic designers. In order to provide for low 
power consumption in microprocessors, designers have 
provided for dual frequency systems in which the clock of 
the system is set at a low frequency when the amount of 
information to be processed is small and set at a high fre- 
quency when the amount of information to be processed 



is large. The low frequency setting allows for lower power 
consumption during low usage states. However, changing 
the frequency back and forth between low frequency 
states and high frequency states creates a significant 
amount of power noise in the system due to the sudden 
changes in current requirements. These power fluctua- 
tions on the processor itself create noticeable perfor- 
mance problems. 

[0005] p r j or attempts to reduce this noise generation include 
turning off portions of the processor or stopping clocks 
while changing the frequency. However, this solution also 
halts any information handling during the frequency 
change. Another method of changing the frequency in- 
cludes gradually changing the frequency input into a 
phase locked loop (PLL) circuit. Due to the characteristics 
of most PLL's, changing the frequency using this method 
takes a significant amount of time to complete and the 
range of frequency change is greatly limited by the 
boundaries of the PLL. 

[0006] clock dithering has been used to constantly modulate a 
frequency signal for the purpose of reducing electromag- 
netic interference (EMI) emitted from electronic devices. 
Such EMI may interfere with other electronic devices in the 



vicinity. For example, U.S. Patent No. 6,404,260 to Cruz- 

Albrecht describes the use of a non-periodic signal to 

modulate the period of a clock signal in order to reduce 

the size of spikes of electromagnetic radiation generated 

by a circuit that uses the clock signal. In another example, 

clock frequency modulation is described as a method of 

reducing EMI (See "Frequency Modulation of System 

Clocks for EMI Reduction," by Cornelis D. Hoekstra, 

Hewlett-Packard Journal, August 1997). However, the 

clock dithering in these applications has been a constant 

modulation of the clock frequency to reduce interference 

with other devices and does not address the in-system 

noise generated during the change of a clock from a first 

frequency to a second frequency. 

[0007] Accordingly, there is a need for a system and a method of 

changing the frequency of an integrated circuit device 

from one frequency to another quickly while reducing on- 

system noise and having the ability to process information 

during the frequency change. 
Summary of Invention 

[0008] The present disclosure provides a method of shifting a 

clock frequency of an integrated circuit device from a first 
frequency to a second frequency. The method includes al- 



ternating between the first frequency and the second fre- 
quency according to a dithering pattern, the alternating 
occurring for a predetermined number of cycles; and set- 
ting the clock frequency to the second frequency after the 
predetermined number of cycles. 

[0009] The present disclosure further provides a method of shift- 
ing a clock frequency of an integrated circuit device from 
a first frequency to a second frequency, the method in- 
cluding providing a clock multiplexer operatively config- 
ured to select between a plurality of incoming clock fre- 
quencies, wherein the first frequency and second fre- 
quency are amongst the plurality of incoming clock fre- 
quencies; providing the dithering pattern to the clock 
multiplexer; alternating the clock frequency of the inte- 
grated circuit between the first frequency and the second 
frequency according to the dithering pattern for a prede- 
termined number of clock cycles; and setting the clock 
frequency of the integrated circuit at the second fre- 
quency after the predetermined number of clock cycles. 

[0010] The present disclosure still further provides a system for 
shifting a clock frequency of an integrated circuit device 
from a first frequency to a second frequency. In one em- 
bodiment, the system includes a frequency selecting ele- 



ment operatively configured to switch between a first in- 
put frequency signal and a second input frequency signal, 
wherein the frequency selecting element provides an out- 
put frequency signal; and a dithering pattern control ele- 
ment operatively configured to produce a dithering pat- 
tern, the dithering pattern controlling the frequency se- 
lecting element so as to cause said frequency selecting el- 
ement to alternate between the first and second input fre- 
quency signals for a predetermined number of cycles. The 
output frequency signal is set at the second frequency 

signal after the predetermined number of cycles. 
Brief Description of Drawings 

[0011] For the purpose of illustrating the invention, the drawings 
show a form of the invention that is presently preferred. 
However, it should be understood that the present inven- 
tion is not limited to the precise arrangements and instru- 
mentalities shown in the drawings, wherein: 

[0012] FIG. 1 shows a system and a method for changing the fre- 
quency of an integrated circuit according to the present 
disclosure; 

[0013] FIG. 2 shows an example of a system and a method for 

changing the frequency of an integrated circuit according 
to the present disclosure; 



[0014] FIG. 3 shows another example of a system and a method 
for changing the frequency of an integrated circuit ac- 
cording to the present disclosure; 

[0015] FIG. 4 shows yet another example of a system and a 

method for changing the frequency of an integrated cir- 
cuit according to the present disclosure; and 

[0016] FIG. 5 shows an example of a dithering pattern control el- 
ement according to the present disclosure. 
Detailed Description 

[0017] Referring now to the drawings, Fig. 1 illustrates with the 
current disclosure a system and a method for changing 
the frequency of an integrated circuit from a first fre- 
quency to a second frequency. First frequency signal 110 
and a second frequency signal 120 are provided to fre- 
quency selecting element 130. One of signals 110 and 
120 has a higher frequency than the other. Frequency se- 
lecting element 130 is operatively configured to switch 
between first frequency signal 110 and second frequency 
signal 120. At the start of changing the frequency, output 
frequency signal 140 is that of first frequency signal 110. 
During the change, frequency selecting element 130 
dithers second frequency signal 120 into output fre- 
quency signal 140 such that over a predetermined number 



of clock cycles second frequency signal 120 gradually re- 
places first frequency signal 110 as output frequency sig- 
nal 140. After the predetermined number of clock cycles, 
output frequency signal 140 is set to the second fre- 
quency signal 120. It should be noted that the present 
disclosure contemplates that any number of frequency 
signals may be provided to frequency selecting element 
130 and that frequency selecting element 130 can be op- 
eratively configured to select between any two of the in- 
coming frequency signals as first frequency signal and 
second frequency signal. 

[0018] Frequency selecting element 130 can be any circuit ele- 
ment or elements capable of selecting amongst a plurality 
of incoming frequency signals in a patterned way to grad- 
ually replace a first frequency signal with a second fre- 
quency signal over a predetermined number of clock cy- 
cles after which the second frequency signal is set as the 
frequency of the integrated circuit. Examples of suitable 
frequency selecting elements include, but are not limited 
to, a multiplexer or an analog mixer. 

[0019] | n one embodiment, the frequency selecting element se- 
lects first frequency signal 110 or second frequency signal 
120 based on a cycle rate of the slower of the two fre- 



quency signals. In one example, where first frequency sig- 
nal 110 is f cycles/second and second frequency signal 
120 is f/2 cycles per second, the frequency selecting ele- 
ment selects between the two frequencies based on the 
cycle rate of f/2 cycles/second. 
[0020] | n another example, where the required change in fre- 
quency of the integrated circuit is from f/4 cycles per sec- 
ond to f/2 cycles/second, the frequency selecting element 
will select between the f/4 frequency and the f/2 fre- 
quency using the f/4 frequency. An example of a gradual 
replacement off/4 with f/2 would include starting with f/ 
4 then having f/2 for one cycle of the f/4 clock (which 
would actually be 2 cycles of the f/2 signal) followed by f/ 
4 for three cycles of the f/4 clock, followed by f/2 for two 
cycles of the f/4 clock (which would actually be 4 cycles of 
the f/2 signal). The dithering of the second frequency sig- 
nal into first frequency signal, in this case second fre- 
quency signal being f/2, continues for a predetermined 
number of cycles of the slower frequency clock, in this 
case f/4. In one example, the predetermined number of 
cycles of the slower frequency clock is 24. However, the 
predetermined number of cycles can be selected to any 
number such that the average of the output frequency 



signal gradually changes to the second frequency signal. 
Gradual changing of the output frequency signal to the 
second frequency signal prior to setting the output fre- 
quency signal to the second frequency signal has been 
unexpectedly found to allow a slower shift of current draw 
since the average current increases or decreases over a 
longer period of time than if the frequency was shifted 
from a first frequency signal to a second frequency signal 
in one cycle. Accordingly, the power noise and/or fluctua- 
tions created during the shift in the integrated circuit it- 
self is minimized. The integrated circuit remains function- 
ing during the switch in frequency. 
[0021] pig. 2 illustrates another embodiment of the present dis- 
closure in which first frequency signal 110 and second 
frequency signal 120 are provided to frequency selecting 
element 130 by signal generating element 210. It should 
be noted that signal generating element 210 can provide 
any number of frequency signals to frequency selecting 
element 130. Dithering pattern control element 220 pro- 
vides to frequency selecting element 130 dithering pat- 
tern control signal 230. Dithering pattern control signal 
230 instructs frequency selecting element 130 as to which 
of first frequency signal 110 or second frequency signal 



120 to select and pass through as output frequency signal 
140 during any given cycle. At the start of a change from 
first frequency signal 110 to second frequency signal 120, 
output frequency signal 140 is that of first frequency sig- 
nal 110. During the change, frequency selecting element 
130 dithers second frequency signal 120 into output fre- 
quency signal 140 such that over a predetermined number 
of clock cycles second frequency signal 120 gradually re- 
places first frequency signal 110 as output frequency sig- 
nal 140. After the predetermined number of clock cycles, 
output frequency signal 140 is set to the second fre- 
quency signal 120. 
[0022] pig. 3 illustrates yet another embodiment of the present 
disclosure in which the signal generating element 210 of 
Fig. 2 includes a phase locked loop (PLL) circuit element 
310, which provides a clock frequency signal 320 to a sig- 
nal divider 330. Signal divider 330 divides the clock fre- 
quency signal 320 into a plurality of frequency signals, 
here first frequency signal 110 and second frequency sig- 
nal 120. One of ordinary skill in the art will recognize that 
a signal divider can be replaced by a signal multiplier to 
provide a plurality of frequency signals. In one aspect a 
signal multiplier can be implemented as a PLL. In Fig. 3, 



the frequency selecting element 130 of Fig. 2, includes a 
clock frequency signal multiplexer 340. First frequency 
signal 110 and second frequency signal 120 are provided 
to clock frequency signal multiplexer 340. Dithering pat- 
tern control element 220 provides to clock frequency sig- 
nal multiplexer 340 dithering pattern control signal 230. 
Dithering pattern control signal 230 instructs clock fre- 
quency signal multiplexer 340 as to which of first fre- 
quency signal 110 or second frequency signal 120 to se- 
lect and pass through as output frequency signal 140 
during any given cycle. At the start of a change from first 
frequency signal 110 to second frequency signal 120, 
output frequency signal 140 is that of first frequency sig- 
nal 110. During the change, multiplexer clock frequency 
signal 340 dithers second frequency signal 120 into out- 
put frequency signal 140 such that over a predetermined 
number of clock cycles second frequency signal 120 grad- 
ually replaces first frequency signal 110 as output fre- 
quency signal 140. After the predetermined number of 
clock cycles, output frequency signal 140 is set to the 
second frequency signal 120. 
[0023] pig. 4 illustrates still yet another embodiment of the 
present disclosure in which signal divider 330 divides 



clock signal 320 into a plurality of frequency signals, in- 
cluding first frequency signal 410, second frequency sig- 
nal 420, third frequency signal 430 and fourth frequency 
signal 440. It should be noted that clock signal 320 can 
be divided by any integer. In one example, where clock 
signal 320 is f cycles/second, first frequency signal 410 
can be f, second frequency signal 420 can be f/2, third 
frequency signal 430 can be f/4, and fourth frequency 
signal 440 can be f/64. One of ordinary skill in the art will 
recognize that the frequencies provided to the frequency 
selecting element, in this case clock frequency signal mul- 
tiplexer 340, are not limited to these specific examples. 
[0024] Referring again to Fig. 4, first frequency signal 410, sec- 
ond frequency signal 420, third frequency signal 430 and 
fourth frequency signal 440 are provided to clock fre- 
quency signal multiplexer 340. Dithering pattern control 
element 220 provides to clock frequency signal multi- 
plexer 340 dithering pattern control signal 230. Dithering 
pattern control signal 230 instructs clock frequency signal 
multiplexer 340 as to which of the plurality of incoming 
frequency signals to select and pass through. In one ex- 
ample, where the desired change in frequency is from 
second frequency signal 420 to third frequency signal 



430, clock frequency signal multiplexer 340 dithers third 
frequency signal 430 into output frequency signal 140 
such that over a predetermined number of clock cycles 
third frequency signal 430 gradually replaces second fre- 
quency signal 420 as output frequency signal 140. After 
the predetermined number of clock cycles, output fre- 
quency signal 140 is set to the third frequency signal 430. 
[0025] pig. 5 illustrates one example of a dithering pattern con- 
trol element 500 according to the present disclosure. One 
or more dithering patterns 505 are loaded into first pat- 
tern register 510. Each of the one or more dithering pat- 
terns 505 controls a given transition from a first fre- 
quency signal to a second frequency signal as described 
above. The values of the first and second frequency sig- 
nals and whether the change between them is a decrease 
or an increase in frequency will dictate the actual dither- 
ing pattern. First pattern register 510 provides the plural- 
ity of dithering pattern signals 515 stored in the first pat- 
tern register 510 to first dithering pattern multiplexer 
520. First dithering pattern multiplexer 520 selects and 
passes through a dithering pattern 525 corresponding to 
the desired frequency signal transition. Dithering pattern 
525 is provided to shift register 530. One of ordinary skill 



in the art would recognize that if only one dithering pat- 
tern is required to be stored in first pattern register 510, 
first dithering pattern multiplexer 520 and shift register 
530 would not be required. Shift register 530 controls 
second dithering pattern multiplexer 545. Shift register 
530 is clocked by the f/2 clock. Shift register 530 pro- 
vides a dithering pattern signal 532 to logical "or" element 
535. Disable element 533 provides disable dither signal 

534 to logical "or" element 535. Logical "or" element 535 
is operatively configured to pass through the dithering 
pattern signal 532 as dithering pattern multiplexer control 
signal 540 to second dithering pattern multiplexer 545 
when dithering is desired. When dithering of the clock 
frequency signal is to be stopped, the logical "or" element 

535 passes through the disable dither signal Y as dither- 
ing pattern multiplexer control signal 540 to second 
dithering pattern multiplexer 545. Switching control logic 
550 provides new clock frequency value signal 555 to 
second dithering pattern multiplexer 545. New clock fre- 
quency value signal 555 is also provided to latch 560. 
Latch 560 has stored previous clock frequency value sig- 
nal 565 which is provided to second dithering pattern 
multiplexer 545. Latch 560 is operatively configured to 



store and provide the previous clock frequency value sig- 
nal until the new clock frequency value signal changes at 
which point it will store and provide what was the new 
clock frequency value signal as the previous clock fre- 
quency value for the next clock frequency shift. Second 
dithering pattern multiplexer 545 selects between new 
clock frequency value signal 555 or previous clock fre- 
quency value signal 565 as instructed by dithering pattern 
multiplexer control signal 540, and passes on the chosen 
signal as dithering pattern control signal 570 to frequency 
selecting element 575. Frequency selecting element 575 
selects between first frequency signal 580 and second 
frequency signal 585 as instructed by dithering pattern 
control signal 570. In one example where the desired 
clock frequency change is from first frequency signal 580 
to second frequency signal 585, the frequency selecting 
element 575 will select first frequency signal 580 when 
dithering pattern control signal 570 is the previous clock 
frequency value signal and will select second frequency 
signal 585 when dithering pattern control signal 570 is 
the new clock frequency value signal. 
[0026] it should be noted that one of ordinary skill in the art 

could devise alternate dithering pattern control elements 



that deliver instructions to a frequency selecting element, 
such as a multiplexer, to select from amongst a plurality 
of incoming frequency signals such that an output fre- 
quency signal is alternated between a first frequency sig- 
nal and a second frequency signal for a predetermined 
number of clock cycles, and setting the output frequency 
signal to the second frequency signal after the predeter- 
mined number of clock cycles. 
[0027] Although the invention has been described and illustrated 
with respect to exemplary embodiments thereof, it should 
be understood by those skilled in the art that the forego- 
ing and various other changes, omissions and additions 
may be made therein and thereto, without parting from 
the spirit and scope of the present invention. 



